Context. Colliding wind binaries (CWBs) are thought to give rise to a plethora of physical processes including acceleration and interaction of relativistic particles. Observation of synchrotron radiation in the radio band confirms there is a relativistic electron population in CWBs. Accordingly, CWBs have been suspected sources of high-energy γ-ray emission since the COS-B era. Theoretical models exist that characterize the underlying physical processes leading to particle acceleration and quantitatively predict the non-thermal energy emission observable at Earth. Aims. We strive to find evidence of γ-ray emission from a sample of seven CWB systems: WR 11, WR 70, WR 125, WR 137, WR 140, WR 146, and WR 147. Theoretical modelling identified these systems as the most favourable candidates for emitting γ-rays. We make a comparison with existing γ-ray flux predictions and investigate possible constraints. Methods. We used 24 months of data from the Large Area Telescope (LAT) on-board the Fermi Gamma Ray Space Telescope to perform a dedicated likelihood analysis of CWBs in the LAT energy range. Results. We find no evidence of γ-ray emission from any of the studied CWB systems and determine corresponding flux upper limits. For some CWBs the interplay of orbital and stellar parameters renders the Fermi -LAT data not sensitive enough to constrain the parameter space of the emission models. In the cases of WR140 and WR147, the Fermi -LAT upper limits appear to rule out some model predictions entirely and constrain theoretical models over a significant parameter space. A comparison of our findings to the CWB η Car is made.
Introduction
Wolf-Rayet stars (WR stars) are hot (T > 30000 K), luminous (L > 10 5 -10 6 L ), and massive (M > 10 M ) evolved stars. They possess strong stellar winds with high mass-loss rates (Ṁ wr ≈ 10 −5 -10 −4 M yr −1 ) and high terminal velocities (v ∞ ≈ 3 × 10 2 -6 × 10 3 km s −1 ). The current WR catalogue (van der Hucht 2001 (van der Hucht , 2006 contains 227 stars, 89 of which are in binary systems. The total Galactic population of WR stars is believed to be in the thousands. For a comprehensive review of WR stars and their properties, see Crowther (2007) . A binary system in which the supersonic stellar winds of the WR star and its companion OB-type star collide is called a colliding wind binary (CWB). The collision of the winds leads to the formation of a contact discontinuity at which the ram pressures of the two stellar winds balance out causing two shocks to form. The volume enclosed by these shocks is often referred to as the wind-collision region (WCR). At the shocks particles can be accelerated to relativistic energies, giving rise to a nonthermal particle population. As a consequence non-thermal radiation is emitted from the WCR region (Eichler & Usov 1993; Benaglia & Romero 2003; Pittard & Dougherty 2006; Reimer et al. 2006) . * E-mail: Michael.Werner@uibk.ac.at Synchrotron radiation detected from CWBs (Abbott et al. 1986; Chapman et al. 1999 ) provided the first convincing observational evidence of a relativistic electron population. High-resolution multi-wavelength observations of WR 146 (Dougherty et al. 1996; O'Connor et al. 2005 ) and WR 147 unequivocally identified the WCR as the origin of the nonthermal radio emission. In the case of WR 140, orbital modulation of the non-thermal synchrotron radiation was detected (Eichler & Usov 1993; White & Becker 1995; Dougherty et al. 2005) , indicating that the conditions for non-thermal radio emission in the WCR change significantly during the course of an orbit. Theoretical models (e.g. Eichler & Usov 1993; Benaglia & Romero 2003; Dougherty et al. 2003; Pittard & Dougherty 2006; Reimer et al. 2006 ) that aim to understand the physical processes leading to non-thermal radiation in CWBs also predict the emission of γ-rays through inverse Compton (IC) scattering, bremsstrahlung, and π 0 -decay. Therefore, CWBs may be a yet undetected source class of γ-ray binaries that do not contain a compact object. Unfortunately, most values of the relevant input parameters for modelling (e.g. orbital parameters, acceleration mechanism, acceleration efficiency, stellar surface magnetic field strength, and the radiation fields) are characterized by large observational uncertainties or, even worse, are presently unknown. Consequently, the magnitude of the predicted γ-ray flux, the spectral shape, as well as the contributions of the principally responsible physical processes, can vary considerably. By studying population aspects Reimer & Reimer (2007 , 2009a show that for a maximum acceleration efficiency the binary separation, the distance to Earth, and the kinetic power of the stellar winds have the strongest influence on γ-ray flux. For large binary separations the dominant γ-ray emission process was found to be IC-scattering (Reimer et al. 2006) . Convincing observational evidence of γ-ray emission from CWBs does not exist yet (with the notable exception of η Car). The COS-B mission detected four γ-ray sources that are spatially consistent with the location of WR 140, WR 125, WR 98, WR 105 considering the instrument's source localization capability (Pollock 1987) . Observations by the EGRET instrument in the 100 MeV-10 GeV energy range revealed an unidentified pointlike γ-ray source, 3EG J2022+4317 in positional coincidence with WR 140 (Romero et al. 1999) . Very high-energy γ-ray observations (80 GeV -10 TeV) of WR 146 and WR 147 by the MAGIC telescope yielded upper limits only (Aliu et al. 2008) . Observations by AGILE (Tavani et al. 2009 ) and Fermi -LAT (Abdo et al. 2010b ) detected a γ-ray source compatible with the spatial location of η Car. Follow-up studies by Reitberger et al. (2012) revealed variability that is correlated with the orbital motion of η Car, providing strong evidence that the γ-ray source is indeed associated with the η Car system. However, an apparently unique system like η Car cannot be considered a typical representative for the CWB population (Parkin et al. 2009 ). Launched on 11 June 2008, the Large Area Telescope (LAT) onboard the Fermi Gamma-ray Space Telescope is the most sensitive γ-ray telescope to date, covering an energy range from 20 MeV to 300 GeV. A population study of known CWBs (Reimer & Reimer 2007 , 2009a identified systems in which the predicted γ-ray flux is above the pre-launch predicted five-year sensitivity (2 × 10 −8 ph cm −2 s −1 ) of the LAT for sources located in the Galactic plane. Seven CWBs were considered as being favourable to detection by the LAT. With the exception of WR 11 (which is the closest known CWB), these CWBs have large binary separations and therefore long (>2000 days) orbital periods, a configuration that is believed to yield favourable conditions for detection. A detailed study of WR 140, WR 146, and WR 147 has been carried out using known orbital and stellar parameters (Reimer et al. 2006; Reimer & Reimer 2009b ). An overview of the stellar and physical characteristics of the analysed CWB systems is given in Table A.1. We studied this sample using 24 months of Fermi -LAT data and present the results here.
Observation, data analysis, and results

Observation
On 4 August 2008, the Fermi -LAT began regular science observations that allow it to cover the entire sky roughly every three hours. A review of the Fermi -LAT instrument and performance is given in Atwood et al. (2009) . The analysed dataset covers 24 months, starting on 4 August 2008 and ending 1 August 2010, which is the same time period as covered by the Fermi Large Area Telescope Second Source (2FGL) Catalog (Nolan et al. 2012) . Data reduction and analysis was performed using the Fermi Science Tools v9r23 software package 1 . Only events from the Pass 7 "Source" event class have been selected to obtain high-quality photon data. Photons emanating from the Earth's limb were rejected by excluding time intervals in which any part of the analysed region was observed at zenith angles greater than 100
• and the observatory's rocking angle was greater than 52
• . For each analysed CWB, the remaining photons with an energy E > 95 MeV and originating within a square of 21.2
• edge length (called the region of interest, ROI) centred on the nominal position of the binary system were used for analysis.
Maximum likelihood analysis
All analysed CWBs are located close to the prominent Galactic plane, where diffuse emission is the dominating source of γ-rays. Diffuse emission arises from interactions of cosmic rays with the interstellar medium and radiation fields as they propagate in the Milky Way. Additionally, an isotropic γ-ray background is present that is due to extragalactic diffuse γ-rays and the remaining residual (misclassified) cosmic rays. Therefore, detecting faint point sources at the detection threshold on top of a bright diffuse emission signal is one of the main challenges of the presented analysis, so meticulous modelling of the diffuse γ-ray emission is necessary. We used the gal 2yearp7v6 v0.fits model for the Galactic diffuse emission in combination with the iso p7v6source.txt model for the isotropic background 2 . This is consistent with the 2FGL catalogue. Using the tool gtlike, binned likelihood analysis is applied to the selected data using the "P7SOURCE V6" instrument response functions (Ackermann et al. 2012c) . The covered energy range 95.6 MeV < E < 44.9 GeV is divided into 19 logarithmically spaced energy bins. This results in energy bins that coincide with the energy planes of the used model for the Galactic diffuse emission. For each analysed CWB the source model (the null hypothesis) used in the likelihood analysis includes all sources listed in the 2FGL catalogue contained within a circle of 15
• radius centred on the CWBs nominal position. The majority of sources are modelled using a power law
where dN dE is the differential flux (given in units of cm −2 s −1 MeV −1 ), A a normalization factor, and Γ the spectral index. In case a log-parabolic model function provides a better fit,
is used, which introduces a break energy E b , spectral index α, and curvature index β as additional parameters. Known γ-ray pulsars were modelled by an exponentially cut-off power law
where E cutoff is the cut-off energy, A a normalization factor, and Γ the spectral index. Extended sources (e.g. Vela X, MSH 15-52, W51C, and the Cygnus Loop) were modelled by the same spectral and spatial models used in the 2FGL catalogue. Finally, the considered CWBs were modelled using a power law, and their positions were fixed at the coordinates listed in Table A .1. The spectral parameters of all sources that have an angular separation of less than or equal to 7
• from the CWB are left free to be fitted by the likelihood analysis, while those with an angular separation greater than 7
• are fixed to the values listed in the 2FGL catalogue. In the likelihood analysis the "Prefactor" of the Galactic diffuse model and the "Normalization" of the isotropic model are free parameters. The total number of free parameters in each source model used in the analysis is given in Table 1 . Source detection significance at a specified position can be statistically expressed using the test statistic (TS) value
where L max,0 is the maximum likelihood value for a model without an additional source (the null hypothesis), and L max,1 is the maximum likelihood value for a model that includes an additional source at a specified location. Both L max,0 and L max,1 are determined using the maximum likelihood method. The influences of other sources and of the background are thereby taken into account. In the limit of large counts the TS value follows a χ 2 -distribution (Mattox et al. 1996) and is equal to the square of the detection significance σ for a point source. The criterion for considering sources for inclusion in the 2FGL was chosen to be T S > 25 (Nolan et al. 2012) . However, for sources in the Galactic plane (e.g. magnetars Abdo et al. 2010a ) this was found not to be sufficiently conservative, mainly due to the large uncertainties in the Galactic diffuse background model (Ackermann et al. 2012b ). Systematic uncertainties resulting from source confusion caused by the high number density of point-like and extended sources in the Galactic plane, as well as additional uncertainties introduced by the existence of sub-threshold sources (which we estimate to be as high as 10%), complicate source detection further. Identification of a source with a specific astrophysical object not only requires spatial coincidence but also observation of a characteristic quantity (such as orbital modulation, periodicity, and correlated variability) that is intrinsically linked to the object under consideration. A summary of the results obtained using likelihood analysis of the CWBs is given in Table  1 . The likelihood analysis did not reveal any excess above detection threshold for any of the analysed CWBs. No point sources were detected that are compatible with the nominal positions of the CWB sample. The CWBs located in the Cygnus region have the highest TS values, because the Cygnus region is one of the most complex regions in the γ-ray sky, displaying an excess of γ-rays on both large and small scales that is not adequately modelled in the standard Galactic diffuse background model chosen in this analysis (Ackermann et al. 2012a ).
Upper limit determination
Upper limits presented in this paper were calculated using the method described by Feldman & Cousins (1998) . Assuming Poisson statistics, this method uses the number of mean signal counts and mean background counts to construct confidence intervals. The observed signal counts are extracted using the likelihood analysis software. Background count extraction, however, warrants a closer look and is described in the following. The number of mean background counts C bg consists of two components: observed counts attributed to the isotropic γ-ray emission and those attributed to the Galactic diffuse γ-ray emission. In the applied binned likelihood analysis technique, the number of mean background counts is given by
with C bg i the number of mean background counts, C gal i the number of Galactic diffuse emission counts, and C iso i the number of counts attributed to isotropic emission, per energy bin i. For each energy bin i, the average differential intensity I i of the background model gal 2yearp7v6 v0.fits covered by the 95% containment angle of the point spread function (PSF) is determined. The resulting average differential intensity I i is converted to an average flux F bg i of the Galactic diffuse emission using 
The number of counts from the isotropic emission component C iso i per energy bin i is determined using
wherein C iso tot is the total number of isotropic background counts in the energy bin i (given by the likelihood fit of the iso p7v6source.txt model), ROI is the size of the region of interest (see 2.1) used in the likelihood analysis, and C 
For each CWB the flux upper limits and their corresponding energy bins are listed in Table 2 . Our upper limit calculation only includes statistical uncertainties.
Comparison with theoretical modelling
We compare the upper limits obtained in Section 2.3 to theoretical models of CWB systems that provide γ-ray predictions for the CWB system studied. We focus on the following three models. The model published in Benaglia & Romero (2003) calculates γ-ray flux due to IC scattering, pion decay, and relativistic bremsstrahlung. Underlying relativistic particle distribution are calculated using analytical approximations for the involved acceleration effects and energy loss mechanisms. Orbital dynamics, propagation effects, IC scattering in the KleinNishina regime, and anisotropy of the scattering process, as well as photon-photon pair production, are not taken into account. Predictions for the γ-ray emission are given for WR 140, WR 146 and WR 147. The emission model for WR 140 by Pittard & Dougherty (2006) is based on 2D hydrodynamical simulations of the stellar wind dynamics. These simulations yield temperature and density distributions from which the broadband thermal radiation is derived. Non-thermal electron and ion distributions are generated 3.0 5.5 3.5 13.7 9.6 16.2 17.9 through diffusive shock acceleration (DSA) in the volume enclosed by the WCR. Propagation effects, orbital dynamics, radiative, and adiabatic energy losses are included. Anisotropy effects of the IC scattering, the Klein-Nishina regime, and photonphoton absorption are not taken into account. Gamma-ray flux predictions are given for a variety of scenarios. The semi-analytical Reimer et al. (2006) emission model for CWBs calculates the non-thermal broadband radiation from the steady-state proton and electron distributions. The diffusion-loss equation considers all relevant radiative losses, adiabatic cooling, and diffusive particle acceleration at the shock out of a pool of thermal wind particles. Spatial diffusion/convection are taken into account using suitable approximations. The IC emissivity and energy losses extending into the Klein-Nishina regime are calculated, and take the anisotropic nature of the scattering process into account in this environment. Pair production due to photon-photon absorption is also evaluated. Reimer et al. (2006) and Reimer & Reimer (2007 , 2009a predict the gamma-ray emission of selected WR binary systems. All three models assume single-photon IC scatterings.
WR 140
WR 140 is often considered the archetypal CWB. Unlike most of the CWB systems analysed in this work, the orbital and stellar parameters are known accurately (see Table A .1). This reduces the influence of the uncertainties in the input parameter space of theoretical models significantly, when interpreting the modelling results. We use the γ-ray flux predictions of Reimer et al. (2006) where a surface magnetic field strength of 100 G was used. This value leads to equipartition field values at the shock location (see e.g., Benaglia & Romero 2003) . Because WR 140 is a long-period binary, we assume IC-scattering of the electrons in the radiation field of the OB-companion to be the dominant γ-ray emission process. We note that a realistic evaluation of the γ-ray emission from IC-scattering in the context of colliding wind binaries must be based on the use of the full Klein-Nishina cross section and take the anisotropic nature of the scattering process into account, in addition to accounting for γ-ray absorption by pair production (Reimer et al. 2006 ). This leads to orbital flux variations whose magnitude can be influenced by the geom-etry of the system. Klein-Nishina and anisotropy effects yield spectral and variability signatures even in systems with circular orbits (Dubus et al. 2008) . We use the true anomaly, henceforth referred to as the phase angle Φ, as a measure of the orbital configuration. The phase angle at a given time T is defined as the angle between the lines connecting the stars at periastron and at time T. The system passed from orbital phase angle Φ ∼ 0.61 through periastron to Φ ∼ 0.45 in the time period covered by the data (derived using parameters from Monnier et al. (2011) Table 2 have been converted into E 2 dN dE flux upper limits, i.e. differential flux scaled by the energy squared, using a power law with spectral index Γ = 2. A comparison of the differential flux upper limits with the modelling results for different orbital phase angles Φ is shown in Figure 2 along with the EGRET upper limit (Reimer et al. 2006 ). For orbital phase angles 0.2 < Φ < 0.8 our differential flux upper limits are about an order of magnitude below model predictions. For orbital phase angles close to the periastron (0.2 > Φ > 0.8) we cannot place any constraints on predictions as of Reimer et al. (2006) . Because of the high eccentricity of the system the period in which WR 140 passes through these phase angles is very short, corresponding to just 5% of the observation time of this analysis. In the case of WR 140, the model of Reimer et al. (2006) is disfavoured in the parameter space presented there. Additionally, we adapted (assuming a canonical spectral index Γ = 2) the γ-ray flux prediction from Benaglia & Romero (2003) to the energy range covered by our analysis. This gives a value of F ≈ 2.3 × 10 −7 ph cm −2 s −1 , which is ∼ 24 larger than the upper limit F ul ≈ 9.6 × 10 −9 ph cm −2 s −1 (following the procedure detailed in Section 2.3 but with one bin covering the entire energy interval i. e. 95.6 MeV < E < 44.9 GeV) that we obtain for the same energy range. We can exclude the prediction from the model of Benaglia & Romero (2003) for the γ-ray flux of WR 140 with a statistical confidence of at least 95%. A comparison with the ten model predictions by Pittard & Dougherty (2006) splits into two categories. Whereas models A-D and F (100 MeV to 10 GeV) are not constrained by the Fermi upper limit on WR 140, models E and G-J appear to be ruled out. This dichotomy arises due to model parameters common to either one of the two categories. Models that are in conflict with the Fermi data feature high normalization factors of the nonthermal electron density relative to the thermal particle internal density, and low normalization factors of the magnetic field density relative to the thermal particle energy density. Model E, which would mainly range among the group A-F, seems to be excluded by reason of a particularly low value of p, the model's normalization to the radio emission.
WR 147
The orbital parameters of the extremely long-period binary WR 147 are unknown (see Table A .1). Model predictions of the expected γ-ray flux are taken from a dedicated parameter study wherein IC-scattering of the electrons in the radiation field of the OB-companion is identified as the dominant mechanism of γ-ray emission (Reimer & Reimer 2009b ). Here, we assume an inclination angle of i = 85
• that corresponds to a binary separation d ≈ 4800 AU. X-ray observations around the time of the Fermi -LAT observations indicate that the B-star was likely very close to being in front of the WR star along the sight line (Zhekov & Park 2010) . This corresponds to the situation adopted in Reimer & Reimer (2009b) . The allowed range of the inclination angle in the case of maximum possible acceleration efficiency, however, differs from the limits given by Zhekov & Park (2010) . Using i = 85
• and a surface magnetic field strength of 30 G, 11% of the B-star's wind kinetic power must be used for electron acceleration at maximum efficiency to account for the observed synchrotron flux (Reimer & Reimer 2009b) . A comparison of the differential flux upper limits with model results for different geometrical viewing angles is shown in Figure 3 . The geometrical viewing angle is defined as cos Θ L = cos ψ sin i, wherein i is the inclination and ψ is the angle between the projected line of sight and the line connecting the binary component stars. For more details, as well as an illustration of the orbital configuration see Reimer & Reimer 2009b . For the assumed model parameters we can exclude all geometrical viewing angles Θ L > 20
• . Upper limits reported by the MAGIC Collaboration (Aliu et al. 2008 ) have also been included in Figure 3 , although they do not any pose additional constraints on the geometric viewing angle for i = 85
• . Model predictions for inclination angles of i < 85
• are solely constrained by the MAGIC and INTEGRAL observations (Reimer & Reimer 2009b) . In cases where low inclination angles are favoured (e.g., Contreras & Rodríguez 1999; Dougherty et al. 2003; Zhekov & Park 2010) , our derived upper limits may indicate that electron acceleration cannot be as efficient as considered in Reimer & Reimer (2009b) . As in the case of WR 140, we adapted the γ-ray flux prediction from Benaglia & Romero (2003) to the energy range covered by our analysis by assuming a canonical spectral index Γ = 2. This gives a value of F ≈ 2.0 × 10 −7 ph cm −2 s −1 , which is above, by an order of magnitude, the flux upper limit F ul ≈ 1.8 × 10 −8 ph cm −2 s −1 from our analysis in the same energy range. We can rule out the γ-ray flux prediction for WR 147 from the model of Benaglia & Romero (2003) with a statistical confidence of at least 95%.
WR 11, WR 70, WR 125, WR 137, and WR 146
For WR 11, WR 70, WR 125, WR 137, and WR 146, the expected γ-ray flux at Earth has been calculated in the context of a statistical study (Reimer & Reimer 2007 , 2009a . Except for WR 11, the orbits of these systems are not known. A circular orbit and an inclination of i = 90
• are used for all systems to avoid systematic effects unknown orbital parameters and to facilitate a better comparison of these systems. The orbital phase angle Φ = 0 then corresponds to the WR star being in front of the OB-star along the line of sight. A stellar surface magnetic field of 100 G and the highest, physically plausible non-thermal injection power 3 is assumed for all CWBs in order to emphasize the influence of the stellar wind parameters on the γ-ray flux. An E −2 power-law electron injection spectrum is used and only contributions to γ-ray emission from the IC-scattering of electrons in the radiation field of the OB-companion star are taken into account (Reimer & Reimer 2007 , 2009a . Within reasonable bounds for the flux normalization set by the total kinetic power of the wind and conservation of particle numbers these assumptions result in the maximum possible γ-ray flux that can be expected to be observable at Earth. The WR binaries WR70, WR125, WR137, and WR137 have not been detected in the analysed data set, and the determined upper limits (see Table 2 ) do not impose constraints on the emission model that was used for predictions regarding the population of WR binaries by Reimer & Reimer (2007 , 2009a . The γ-ray flux upper limits of WR 146 obtained from MAGIC observations (Aliu et al. 2008) do not impose additional constraints on the emission model of Reimer et al. (2006) . The model prediction for the γ-ray flux of WR 146 by Benaglia & Romero (2003) is adapted to the energy range covered by our analysis by assuming a canonical spectral index Γ = 2. The thus obtained upper limit (1.86 × 10 −8 ph cm −2 s −1 ) differs only by 10% when compared to the flux upper limits presented here (1.62×10 −8 ph cm −2 s −1 ). Because this deviates only mildly from the flux upper limits presented here we conclude that we cannot rule out the model of Benaglia & Romero (2003) in the case of WR 146.
Summary and discussion
Using 24 months of Fermi -LAT data, we find no evidence of γ-ray emission from any of the analysed CWBs. Since all analysed CWBs are located in the Galactic plane, the analysis is complicated by the intense diffuse emission and uncertainties in the Galactic diffuse emission background model used in the likelihood analysis. At least for energies below 1 GeV, we are clearly in a regime that is background-limited. Upper limits on the observable γ-ray flux, which are independent of spectral model assumptions, were calculated using the methodology as outlined in Section 2. Upper limits are compared to the CWB γ-ray emission model developed by Reimer et al. (2006) . Accordingly, we consider γ-ray emission due to IC-scattering of relativistic electrons on the radiation field of the OB-companion star to be the dominating γ-ray production mechanism. Comparing the results from our analysis with the model predictions we find two categories. The first concerns WR 140 and WR 147. In the case of WR 140, orbital parameters are sufficiently well known. We show that the data is sensitive enough to constrain parameters of the adopted γ-ray emission model. Our upper limits on the γ-ray flux are up to an order of magnitude below the model predictions, disfavouring the model of Reimer et al. (2006) in the presented parameter space. In the case of WR 147, the orbital parameters are unknown. However, for the assumed parameter space of the emission model published in Reimer & Reimer (2009b) , the upper limits are sensitive enough to constrain the geometric viewing angle, Θ L < 20
• . Additionally, we also made a comparison with the γ-ray flux predictions by Benaglia & Romero (2003) and can exclude them for both WR 140 and WR 147. Similarly, the flux predictions given by Pittard & Dougherty (2006) for models E and G-J are not compatible with the data. The non-detection of WR 11, WR 70, WR 125, WR 137, and WR 146 constitute the second category for which we cannot constrain the theoretical models considered herein. Within reasonable bounds set by the total kinetic power of the stellar wind, conservation of particle numbers and, if known, the orbital as well as stellar parameters of the CWB in question, the model of Reimer et al. (2006) uses parameters that give the maximum γ-ray flux that can be expected to be observable at Earth. Consequently, the constraints we imposed on the γ-ray emission model in the case of WR 140 need to be investigated further to determine which subset of the model parameter space is still compatible with the data. Furthermore, the model of Reimer et al. (2006) contains a number of simplifying assumptions that have been made in order to allow for an analytical treatment of particle acceleration and subsequent γ-ray emission processes occurring in CWB systems. Propagation effects inside the WCR (e.g. convection, diffusion) were taken into account (Reimer et al. 2006 ) and the radiation field of the WR star was neglected owing to the dominance of the OB-star's radiation field density at the location of the wind collision region. Additionally, for many of the studied systems, stellar and orbital parameters have not been determined or have large uncertainties. The values given in Table A .1 for mass-loss rate, surface temperature, and the terminal velocity of the stellar wind are determined from observational data that have to be evaluated using stellar wind and stellar atmosphere models (see Crowther (2007) for more details). Often errors are not formally propagated into the final values. The stellar-surface magnetic fields of the stars in CWBs is another example of a poorly understood input parameter that is estimated to lie in the range of 10 2 (Mathys 1999) to 10 4 G (Ignace et al. 1998 ). All these effects introduce an ambiguity when disentangling the intrinsic effects of the model from those of model parameters. Further scientific advances in determining the stellar and orbital parameters may improve the situation here. It is expected that hydro-dynamical models that may not need to rely on simplifying assumptions will provide us with a more realistic model of γ-ray emission from CWBs. To date, the data provided by the Fermi -LAT enabled us to investigate the hypothesis if CWBs constitute a new γ-ray source population. We show that presently there is no evidence of any population of CWBs that emits detectable γ-ray emission in the GeV energy regime. However, there is one notable exception: the binary system η Car, which is believed to be a CWB consisting of a luminous blue variable (LBV) and an O or a WR star. Fermi -LAT detected a bright point source in spatial coincidence with η Car (Abdo et al. 2010c) . Recently, studies by Reitberger et al. (2012) have presented evidence of γ-ray flux variability that seems to be connected with the orbital period of the η Car system. If indeed η Car can be confirmed as the first CWB with detectable γ ray emission above Fermi -LAT instrumental sensitivity, e.g. by following the source for more than one orbit and finding a resemblance of the modulation pattern as seen from the beginning of the Fermi -LAT observations, there is still the question why we fail to detect other CWBs. The energy carried by the produced γ-rays is ultimately related to the kinetic power of the stellar wind. Approximately, the magnitude of the γ-ray emission is proportional to the kinetic power of the stellar wind. The total kinetic power P kin in the stellar winds of η Car can be estimated using the mass loss ratesṀ and terminal velocities v ∞ of the constituent stars. Usinġ M LBV = 2.5 × 10 −4 M yr −1 (Pittard & Corcoran 2002) (Parkin et al. 2009) , we arrived at a value of P kin ∼ 6.2 × 10 37 erg s −1 . In the case of WR 140, a system with rather similar orbital parameters, the total kinetic power is P kin ≈ 1.4 × 10 38 erg s −1 , which is 2.2 times higher. Accounting for the fact that η Car is ∼ 1.4 times as distant (Monnier et al. 2011) as WR 140 and the detected flux (∼ 1.5 × 10 −7 ph cm −2 s −1 ) is an order of magnitude larger than the flux upper limits presented in this work, the case can be made that the process by which the kinetic power of the stellar wind is converted to accelerated particles and subsequently to γ-rays has to be at least an order of magnitude more efficient in the η Car system. This simple assessment indicates that the η Car system is certainly not a typical representative for the class of CWBs and the processes by which γ-rays are produced in this unique system will need to be investigated specifically. Reimer & Reimer (2009b) . The model curves shown here correspond to a parameter set where a 30 G surface magnetic field for the B-star has been used. Black curves show IC spectra of WR 147 for possible geometric viewing angles Θ L = 10
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